Background. Treatment and management strategies for asthma in children are generally consistent internationally, but prescription of antiasthma drugs differs among countries. The objective of this study was to examine the prescribing patterns of antiasthma drugs, particularly controller medications, in children. Methods. A retrospective cohort study was performed in children with asthma using an administrative claims database in Japan. Results. A total of 1149 preschool-age and 3226 school-age children were identified. Leukotriene receptor antagonists were prescribed for about 80% of the children. Long-acting β-agonists were prescribed for 87.6% and 59.6% of preschoolage and school-age children, respectively, whereas prescriptions of inhaled corticosteroids had lower rates of 8.2% and 16.5%, respectively. In an examination of prescriptions at 1-month intervals, a relatively high number of children were prescribed bronchodilators without anti-inflammatory agents. Conclusion. Our findings suggest that asthma care for children in Japan can be improved through changes in drug prescriptions.
Introduction
Childhood asthma is a common chronic condition characterized by airway hyperresponsiveness and remodeling. The estimated prevalence of asthma is 6.5% in children aged 6 to 12 years in Japan. 1 Antiasthma agents are commonly prescribed drugs to children as outpatients, 2 and optimization of antiasthma medications is important in terms of utilization of health care resources. These medications are classified as controllers or relievers. Controllers are used daily on a long-term basis to control asthma, whereas relievers are used on an asneeded basis for reversing bronchoconstriction and relieving symptoms. 3 The Japanese Pediatric Guideline for the Treatment and Management of Asthma (JPGL) was first established in 2000 independent of the guidelines for adults and has subsequently been updated about every 3 years. 4 A stepwise approach for long-term management based on asthma severity is commonly recommended, as also found in the Global Initiative for Asthma (GINA) guidelines. 3, 4 The importance of anti-inflammatory agents is stressed in both guidelines because asthma is recognized as a chronic inflammatory disorder in the airways. There are some differences in the severity evaluation in the 2 sets of guidelines. Severity of asthma is evaluated in a strict way according to the JPGL since most children with asthma are classified as mild or moderate based on the adult guidelines in Japan or the GINA guidelines. 3 Considering the differences in the severity evaluation, management approach is similar between the JPGL 4 and the GINA guidelines. 3 In
Step 1 in the JPGL, relievers are recommended as basic therapy, but additional leukotriene receptor antagonists (LTRAs) and/or inhaled disodium cromoglycate (DSCG) are optional. In Step 2, anti-inflammatory agents, such as inhaled corticosteroids (ICSs), LTRAs, and/or DSCG, are recommended, and sustained release theophylline (SRT) is listed as an additional treatment option for children aged ≥2 years. In Steps 3 and 4, long-acting β-agonists (LABAs) for children aged ≥2 years and 1 Kyoto University, Kyoto, Japan 2 Kurashiki Central Hospital, Kurashiki, Japan oral corticosteroids (OCSs) for children aged ≥6 years are also treatment options.
Drug utilization studies are useful to identify therapeutic problems in a large pediatric population in realworld practice. 5 However, since drug utilization can be influenced by various factors, including the health care system, access to health care, available medications, economics, and culture, the results of drug utilization obtained from one country generally cannot be extrapolated to other countries. Thus, although treatment and management strategies for childhood asthma are generally consistent internationally, prescription of antiasthma agents for children tends to differ among countries. [6] [7] [8] Several studies have investigated antiasthma medications for children in Japan. The Asthma Insight & Reality study, a nationwide survey, suggested a need for widespread use of ICSs and for enhancement of adherence to asthma controller medications. 9 However, longitudinal information on drug utilization in a large sample of children with asthma remains sparse in Japan. In recent years, an environment for epidemiological research using secondary databases has been established in Japan. We have shown that Japanese claims databases are useful for understanding drug utilization in some disease areas. 10, 11 The objective of this study was to examine the prescribing patterns of asthma controller medications using a large-scale administrative claims database in Japan.
Methods

Data Source
An administrative claims database established and managed by the Japan Medical Data Center Co Ltd (Tokyo, Japan) was used for this study. 12 The database consists of medical and pharmacy claims, and insurance eligibility data from a total of 1 000 000 beneficiaries of corporate employees and their dependent family members, as of 2012. The database represents approximately 1% of the total population in Japan. Data included in the database are as follows: year of birth, sex, year and month (date partly available) of medical services provided or drugs prescribed, diagnoses, drugs, inpatient or outpatient, size and specialty of medical facilities, and types of claims. Diagnoses are coded by the International Classification of Diseases, 10th Revision (ICD-10) and using more specific standardized codes developed by the Medical Information System Development Center (MEDIS-DC). Personal information is removed and anonymous identifiers are assigned to all beneficiaries. The study protocol was approved by the Kyoto University Graduate School and Faculty of Medicine, Ethics Committee (Kyoto, Japan).
Study Design
A retrospective cohort study was performed using data for children with asthma between January 2008 and December 2012. The month when asthma controller(s) was first prescribed for each patient was defined as the index month. The baseline year was defined as 12 months before the index month, and the follow-up year was defined as the index month and the subsequent 11 months. A 12-month observational period was used to minimize seasonal variations in asthma symptoms and drug use. 13 
Study Cohort
Children with asthma were identified based on diagnosis and drugs prescribed, as illustrated in Figure 1 . First, among children diagnosed with asthma based on the ICD-10 J45, those with ≥1 prescription of asthma controller medications were extracted. All asthma controllers listed in the long-term management in the JPGL 4 except for OCSs were used for the cohort selection. Next, children receiving antibiotics (ATC J01) prescribed in the same claim with asthma controllers in the index month were excluded to prevent inclusion of children with suspected respiratory tract infections. Then, children with ≥1 diagnosis of asthma based on the MEDIS-DC codes in the follow-up year were selected. Use of diagnoses based on MEDIS-DC codes enabled exclusion of children diagnosed with some specific asthma (eg, exercise-induced asthma and aspirininduced asthma) or with bronchitis without diagnosis of asthma.
Children with asthma with the following diagnoses were excluded: tuberculosis (ICD-10 A15-A19), malignant neoplasms, respiratory system and intrathoracic organs (C30-C39), mesothelioma (C45), emphysema (J43), other chronic obstructive pulmonary disease (J44), bronchiectasis (J47), lung diseases due to external agents (J60-J70), other respiratory diseases principally affecting the interstitium (J80-J84), suppurative and necrotic conditions of lower respiratory tract (J85-J86), other diseases of pleura (J90-J94), other diseases of the respiratory system (J95-J99), systemic connective tissue disorders (M30-M36), and malformations and deformations of respiratory system (Q30-Q34).
Patients with data from the start of the baseline year until the end of the follow-up year were then identified, and those aged 3 to 15 years in the index month were selected. These patients were divided into groups of 3 to 5 years (preschool-age) and 6 to 15 years (school-age). Although children are classified as <2, 2 to 5, and 6 to 15 years in the JPGL, 4 the data in the database are limited to year of birth (not month or date), and diagnosis of asthma is more difficult in infants. For these reasons, we did not include children aged ≤2 years in the index month.
Antiasthma Drugs
We examined the following asthma controller medications: ICSs, combination inhalers of ICSs and LABAs (ICS/LABA), LTRAs, DSCG, inhaled, oral and transdermal LABAs, and SRT. These medications were also categorized into anti-inflammatories (ICSs, LTRAs, and DSCG) and bronchodilators (LABAs and SRT). Use of inhaled short-acting β-agonists (SABAs) and OCSs was examined in the baseline and follow-up years. Omalizumab, an anti-IgE antibody, was not included because use of this drug for children was approved in Japan after the study period.
Analysis
Demographics and antiasthma medications were examined separately in the 2 age groups. Combination drugs containing 2 active ingredients (ie, ICS/LABA) were counted separately for each class of drugs (ie, ICSs and LABAs). Categorical variables were compared by χ 2 test for demographics and prescriptions of asthma controller medications between preschool-age and schoolage children or prescriptions over time, and by McNemar's test for SABAs or OCSs between the baseline and follow-up years within each age group. All analyses were conducted using R statistical software (version 3.0.1).
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Results
Characteristics of the Study Cohort
A total of 1149 preschool-age and 3226 school-age children with asthma were included in the analysis (Figure 1 ). There were slightly more boys than girls (Table 1) . About 10% of the children had diagnoses of asthma in the baseline year in both age groups. The most frequent allergic comorbidity was allergic rhinitis, with rates of 31.2% and 46.6% in preschool-age and school-age children, respectively. Allergic rhinitis and allergic conjunctivitis were more prevalent in school-age children, whereas atopic dermatitis was more prevalent in preschool-age children. Fewer children had an index month in the summer than in other seasons. Among all asthma controller medications, 98.7% were prescribed on outpatient claims. The medical facilities associated with prescriptions of controllers were mainly clinics (88.7%), and the clinics had declared specialties of internal medicine (41.7%), pediatrics (31.4%), and otorhinolaryngology (22.5%).
Asthma Controller Medications: 1-Year Observation
Prescriptions of asthma controller medications in 1 year after the first controller prescription are shown in Table 2 . Anti-inflammatories were prescribed to almost 90% of children in both age groups, and among them, 86.2% of preschool-age children and 57.7% of school-age children were also prescribed bronchodilators. LTRAs were the Asthma controller medications included inhaled corticosteroids, combination inhalers of inhaled corticosteroids and long-acting β-agonists; leukotriene receptor antagonists; inhaled disodium cromoglycate; inhaled, oral, and transdermal long-acting β-agonists; and sustained release theophylline.
most frequently prescribed anti-inflammatories and were more commonly given to preschool-age children compared to school-age children (83.9% vs 79.1%, P < .001). DSCG was also more commonly prescribed for preschool-age children (22.1% vs 12.9%, P < .001). ICSs were not frequently prescribed, but were given at double the rate in school-age children compared to preschool-age children (16.5% vs 8.2%, P < .001).
LABAs, the main bronchodilators, were more commonly prescribed for preschool-age children (87.6% vs 59.6%). Among all prescriptions of LABAs, the percentages of transdermal, oral, and inhaled formulations were 59.9%, 39.9%, and 0.2% in preschool-age children and 60.6%, 27.5%, and 11.9% in school-age children, respectively. Among the inhaled LABAs for school-age children, combination inhalers with ICSs accounted for 94.2%. SRT was not frequently prescribed.
Asthma Controller Medications: Monthly Observations
Prescribing patterns of asthma controller medications were examined by drug category (Figure 2 ) and drug class ( Figure 3 ). Almost 70% of children were prescribed one class of asthma controller medication in Abbreviations: DSCG, inhaled disodium cromoglycate; ICS, inhaled corticosteroid; LABA, long-acting β-agonist (inhaled, oral, and transdermal); LTRA, leukotriene receptor antagonists.
both age groups in the index month. Children receiving ≥2 classes of controllers increased in preschool-age children over time (P < .001), but was unchanged in schoolage children (P = .254). In terms of drug category, 44.0% of preschool-age and 21.2% of school-age children were prescribed only bronchodilators in the index month. Subsequently, the percentages of children given bronchodilators only decreased in both age groups (all P < .001).
As monotherapy, LABAs (26.8% to 42.9%) followed by LTRAs (17.2% to 25.6%) were the most frequently prescribed controllers in preschool-age children. In school-age children, LTRAs were most commonly prescribed (37.4% to 55.8%), followed by LABAs (11.0% to 23.3%). Most of the 2-class combinations were LTRAs plus LABAs in preschool-age (22.3% to 30.9%) and school-age (10.1% to 18.5%) children. Other common combinations of 2 or more classes included DSCG (preschool-age) and ICSs (school-age), in addition to LTRAs and/or LABAs.
SABAs and OCSs
In the baseline year, few children received inhaled SABAs or OCSs in both age groups (≤1.5% each). There was a significant increase in preschool-age children prescribed SABAs or OCSs in the follow-up year (inhaled SABAs, 34.0%; OCSs, 7.6%; all P < .001 vs baseline year). Prescriptions of SABAs or OCSs also significantly increased in school-age children (inhaled SABAs, 21.9%; OCSs, 3.8%; all P < .001 vs baseline year). In addition, these drugs were prescribed more frequently in preschool-age children than school-age children in the follow-up year (all P < .001).
Discussion
In this study, we characterized the utilization of asthma controller medications for children in Japan. Our data indicate that most controllers were prescribed in clinics and written on outpatient claims. Children with asthma are managed by physicians whose specialty is not pediatrics or pulmonology, and this study is useful to understand current clinical practice. In the light of access to health care, patient copayments for asthma as a childhood chronic disease are often compensated by local governments in Japan. This might cause differences in prescribing patterns of antiasthma agents compared to those in other countries with different health care systems.
In the current study, one of the features of utilization of asthma controller medications was the high prescription rate of LTRAs. This may be because most children with asthma have relatively mild symptoms that can be treated in Step 1 in the JPGL (inhaled SABAs as needed and additional LTRAs or DSCG as options). 4 There may also be a preference for simple oral application of LTRAs compared to inhaled drugs. LTRAs are also indicated for treatment of allergic rhinitis, but our data refer to use of the drug for asthma because the main drugs for allergic rhinitis are nasal corticosteroids and nonsedative antihistamines. 15 Another feature of the data was the frequent use of noninhalation formulations of LABAs, despite this class of drugs being placed in Step 3 or 4 as an additional therapy in the JPGL. 4 In particular, more than a half of LABAs were given as a transdermal formulation (tulobuterol patch), which is effective and applicable to all age groups, including infants and children. 16 This patch is used extensively in Japan, Korea, and China. 16 In our cohort, a relatively high number of children were prescribed LABAs alone despite safety concerns. 17 Antiinflammatory agents should be used or added to achieve remission or prevent progression to difficult-to-treat asthma.
In Europe 6, 7, 18 and the United States, 19 ICS monotherapy is the most frequent therapy for treatment of childhood asthma, whereas use of ICSs is much lower in Asian countries, including in Japan. 8, 9, 20, 21 This trend was reflected in our study, which showed fewer prescriptions of ICSs. A questionnaire survey using case vignettes of children with asthma revealed some differences among physicians in selection of antiasthma drugs between Europe and Japan. 22 These differences might reflect underlying concerns about side effects related to chronic ICSs use, 20, 21 or physicians and patients might prefer to avoid inhaled drugs. Resistance to the use of corticosteroids affects use of ICSs for children whose parents are concerned about the safety of excessive use of ICSs. We were unable to determine if ICSs should have been prescribed to more children in our cohort, but more widespread use of ICSs may contribute to better management of asthma in children.
In studies using administrative databases, misclassification bias is acknowledged as an important issue. 23 In a study using the same database as that used for our study, β-2 agonists were frequently used in children with bronchitis. 24 We cannot exclude the possibilities of inclusion of nonasthmatic children and excess exclusion of children with asthma. However, the database has diagnostic codes based on MEDIS-DC, in addition to the ICD-10, and this was helpful to prevent misclassification of nonasthmatic children as children with asthma. These diagnostic codes and the prescription information support the appropriateness of the study cohort selection.
There are some limitations in this study. We focused on use of asthma controllers, and thus we did not cover all children with asthma, including patients receiving SABAs only. We also did not investigate in detail the situations in which inhaled SABAs or OCSs were added to daily controller medications. Given that onset of asthma peaks at age 3 years, 1 our cohort might not be incident cases despite confirmation of no use of controller medications in the baseline year. As in other administrative databases, the intention of use of individual drugs was unclear and a mismatch between the disease and drugs might be present. We cannot make judgments whether appropriate prescriptions were given at the patient level because we could not evaluate the severity and control of asthma exactly. We considered concomitant prescriptions based on prescriptions in the same month. This might cause overestimation of use of combination therapy and underestimation of therapy with a single drug class if patients receiving a certain drug switched to another drug. However, this indicates that we did not overestimate the problematic frequent medication with LABA monotherapy.
Conclusions
LTRAs and LABAs are frequently prescribed asthma controller medications for children in Japan. The frequent use of these drugs may be due to the high usability of oral and transdermal formulations of these drugs for children. However, children treated with bronchodilators without anti-inflammatories may be more likely to have disease prolongation and progression to difficult-to-treat asthma. Therefore, a stepwise approach based on exact assessment of asthma severity, as described in the guidelines, is needed to improve asthma management in children, with a particular focus on anti-inflammatory medications and more careful use of bronchodilators. More use of ICSs may also contribute to better management of asthma in children. Further studies are needed to investigate the appropriateness of asthma controller prescriptions in individual children with asthma.
